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1. INTRODUCTION 
During the  p a s t  f i v e  yea r s ,  mass spectrometer  ins t rumenta t ion  f o r  p lane tary  
atmospheric ana lys i s  has been under development by Perkin-Elmer Aerospace Systems 
f o r  NASA-GSFC. Under Contract NAS5-3453, t he  development of a Spec ia l ized  
Quadrupole Mass Spectrometer has  been documented .' This  r e p o r t  covers  the  
per iod  s i n c e  t h e  conclusion of Cont rac t  NAS5-3453, and d e a l s  wi th  the  continued 
research  and development performed t o  upgrade t h e  ins t rumenta t ion  toward f l i g h t  
hardware. I n  genera l ,  t he  f i n a l  conf igura t ions  of t h e  previous con t r ac t  were 
modified t o  provide f o r  more s t a b l e  alignments and ease of manufacture. 
a n a l y t i c a l  design,  however, remained unchanged. 
The 
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2.  OBJECTIVES 
This program was o r i g i n a l l y  undertaken t o  f a b r i c a t e  and test a Spec ia l ized  Quad- 
rupole  Mass Spectrometer havin a dua l  f i l ament  i o n  source.  These items are 
Phase 111. Addi t iona l ly ,  a high p res su re  i o n  source  w a s  t o  be f a b r i c a t e d  and 
t e s t e d .  This  i on  source is  descr ibed i n  another  f i n a l  r e p o r t  2 generated f o r  
the NAS5-3453 complex. During t h e  course of t h e  o r i g i n a l  program, a s tudy 
w a s  added t o  eva lua te  the  performance of a previous ly  f a b r i c a t e d  quadrupole 
ana lyzer  when f i t t e d  with a set  of hyperbol ic  s u r f a c e s  i n  p l ace  of t h e  pre- 
v ious ly  used c y l i n d r i c a l  rods.  The r e s u l t s  of t h i s  s tudy  e f f o r t  have been 
documented and submitted as a f i n a l  r e p o r t  3 under Contract  N A S 5 - 1 1 0 4 5 .  
descr ibed i n  the f i n a l  r epor t  a on Contract  N A S 5 - 3 4 5 3  i n  t he  s e c t i o n  covering 
Fur ther  modi f ica t ions  t o  the  o r i g i n a l  program cons i s t ed  of t he  mechanical r e p a i r  
of t h e  OGO-F Quadrupole Mass Spectrometer,  ser ia l  number 1, which w a s  damaged 
a t  GSFC when the  v i b r a t i o n  test  t a b l e  ran away dur ing  environmental t e s t i n g  of 
the  instrument .  Mechanical r e p a i r  w a s  a l s o  undertaken t o  completely s a f e t y  
wire a l l  mounting screws wi th in  the  Quadrupole Mass Analyzer o r i g i n a l l y  b u i l t  
under t h i s  con t r ac t .  
The f i n a l  modi f ica t ion  t o  t h e  c o n t r a c t  involved t h e  f a b r i c a t i o n  and test of a 
Spec ia l ized  Quadrupole Mass Spectrometer u t i l i z i n g  hype rbo l i ca l ly  contoured 
rods and a high p res su re  ion  source.  
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3. DESIGN-PHASE I V A  
The b a s i c  design of t he  Spec ia l ized  Quadrupole Mass Spectrometer w a s  performed- 
under Contract  NAS5-3453. 
design and development w a s  generated.  However, some e f f o r t  w a s  undertaken t o  
improve the  machinabi l i ty ,  accuracy of alignment,  and o v e r a l l  assembly of t he  
instrument  p a r t s .  Phase I11 t e s t i n g  of t h e  NAS5-3453 mass spectrometer  demon- 
s t r a t e d  t h a t  alignment of t he  quadrupole rods,  with r e spec t  t o  each o t h e r ,  is a 
very c r i t i c a l  con t ro l  parameter, when at tempting t o  achieve the  t h e o r e t i c a l  
performance of t he  analyzer .  I n  order  t o  improve t h i s  alignment,  and improve 
the  manufacture of t h e  rods,  a t h i r d  support  between the  rod ha lves  w a s  added. 
This new support  pos i t i on  i s  shown i n  Figure 3-1. The m u l t i p l i e r  housing w a s  
redesigned t o  incorpora te  a welded p l a t e  t o  seal the  end, r a t h e r  than machining 
the  complete housing from s o l i d  s tock .  This  change w a s  incorporated i n  order  t o  
reduce the  p robab i l i t y  of vacuum leaks  occurr ing through the  granular  s t r u c t u r e  
of t h e  material. U t i l i z a t i o n  of an end p l a t e  changes the  g ra in  o r i e n t a t i o n  such 
t h a t  i t  is not  i n  the  d i r e c t i o n  between the  vacuum and atmospheric p re s su re  
s i d e s ,  as was the case i n  the  earlier design.  Or ig ina l ly ,  a c a l i b r a t i o n  g r id  
system w a s  i n s t a l l e d  i n  the  m u l t i p l i e r  housing as w a s  done i n  the  Phase I11 
instrument  of NAS5-3453. Under t echn ica l  d i r e c t i o n  from GSFC, t h i s  g r i d  system 
w a s  removed, leav ing  only the  e i n z e l  l enses  placed between the  quadrupole rods 
and t h e  e l e c t r o n  m u l t i p l i e r .  
i d e n t i c a l  t o  those b u i l t  under Contract  NAS5-9328 f o r  t he  Atmospheric Quadrupole 
Mass Spectrometer sensor  of t he  OGO-F satel l i te .  
During t h e  i n i t i a l  phase of t h i s  c o n t r a c t ,  no new 
The m u l t i p l i e r  assembly then became v i r t u a l l y  
S l i g h t  mechanical modif icat ions were a l s o  incorporated i n  the  design of t he  high 
p res su re  ion  source.  
manufac turabi l i ty  of the  p a r t s .  
the  l eng th  of the f i lament .  
f i l ament  sag  which was observed i n  t h e  tes t  model b u i l t  under NAS5-3453. 
f i l ament  length  w a s  reduced from 0.440 inch  t o  0.250 inch i n  order  t o  maintain 
alignment i n  f r o n t  of the  0.002 by 0.020 inch e l ec t ron  en t rance  ape r tu re .  
A l l  bu t  one of t hese  modif icat ions were made t o  improve the  
One major design change w a s  t he  shor ten ing  of 
This w a s  done i n  order  t o  reduce the  degree of 
The 
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4 .  TEST RESULTS-PHASE I V A  
The test r e s u l t s  f o r  t he  o r i g i n a l  Quadrupole Mass Spectrometer b u i l t  under t h i s  
c o n t r a c t ,  h e r e a f t e r  r e f e r r e d  t o  as t h e  s e r i a l  number 4A ana lyze r ,  w e r e  docu- 
mented and shipped wi th  the  ins t rument ,  following acceptance tests witnessed by 
a GSFC r e p r e s e n t a t i v e .  This instrument u t i l i z e d  the dua l  f i l amen t  i o n  source.  
Operation of t h i s  instrument was s u p e r i o r  t o  t h a t  obtained i n  t h e  ear l ier  
instruments b u i l t  under NAS5-3453. I n  p a r t i c u l a r ,  t h e  r e s o l u t i o n  and peak 
top-to-base r a t i o s  obtained ind ica t ed  a h ighe r  degree of performance than  could 
be obtained from t h e  earlier ins t ruments .  A t y p i c a l  mass s p e c t r a  obtained 
without t he  e l e c t r o n  m u l t i p l i e r  i n  ope ra t ion  i s  shown i n  Figure 4-1. This scan  
i l l u s t r a t e s  a r e s o l u t i o n  of Am/m = 1/33  and a peak top-to-base r a t i o  of 44 per- 
cen t .  
top-to-base r a t i o s  obtained from t h e  NAS5-3453 Phase I11 and NAS5-9328 i n s t r u -  
ments. Operation wi th  the  e l e c t r o n  m u l t i p l i e r  showed l a r g e  g l i c h e s  ac ross  t h e  
top of t h e  peak, which were due t o  t h e  presence  of t h e  c a l i b r a t i o n  g r i d s  i n  
the  m u l t i p l i e r  housing. Following t e c h n i c a l  d i r e c t i o n  from GSFC, t h e s e  g r i d s  
were removed and f u r t h e r  t e s t i n g  performed . 
This compares wi th  r e s o l u t i o n s  of between 1 / 2 0  and 1 / 2 5  f o r  comparable 
A t y p i c a l  scan  of t h e  m / e  28 and 32 spectra . ,  fo l lowing  removal of t h e  g r i d s ,  
i s  shown i n  F igure  4-2 ,  giv ing  a r e s o l u t i o n  of Am/m = 1 / 2 8  and a top-to-base 
r a t i o  of 46 percen t .  
From t h e  d a t a  taken on t h e  s e r i a l  number 4A ana lyze r ,  t he  c e n t e r  rod suppor t  
and alignment improvement gained, appeared t o  s i g n i f i c a n t l y  i n c r e a s e  the 
p o t e n t i a l  performance of t he  system over those prev ious ly  b u i l t .  
The h igh  p res su re  i o n  source o r i g i n a l l y  b u i l t  under t h i s  c o n t r a c t  w a s  f u l l y  
t e s t e d  us ing  t h e  se r ia l  number 2A Quadrupole Mass Spectrometer b u i l t  under t h e  
NAS5-3453 program. As  with  the  serial  number 4A analyzer  t e s t i n g ,  a d a t a  book 
inc luding  t h e  test  d a t a  taken w a s  shipped wi th  t h e  instrument.  This i o n  source  
demonstrated a s e n s i t i v i t y  of about 3.5 x 10-9 amperes/torr f o r  a n i t r o g e n  sample 
when monitoring t h e  m / e  28 peak i n  t h e  mass spectrometer.  It  was t e s t e d  over 
t he  p re s su re  range of 1 x 10-3 t o  1 x 10-1 t o r r  and maintained l i n e a r i t y  as 
the  o r i g i n a l  tes t  model had ind ica t ed  i n  t h e  NAS5-3453 program. D i f f i c u l t i e s  
were experienced dur ing  t h i s  tes t  program., which were c rea t ed  by o i l  contami- 
na t ion  of t h e  i o n i z i n g  region. This w a s  due t o  o i l  d i f f u s i o n  pumping on t h e  
sample i n l e t  system. This n e c e s s i t a t e d  f r equen t  c leaning  of t h e  i o n  source  
and c rea t ed  i n s t a b i l i t i e s  during t h e  course of t h e  t es t  program. The new des ign ,  
i nco rpora t ing  t h e  s h o r t e r  f i l amen t ,  improved t h e  s t a b i l i t y  of t h e  emission system 
whereby r e l i a b l e  and r epea tab le  s e t t i n g s  of t h e  emission c u r r e n t  reaching t h e  
anode could be maintained. 
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5. DESIGN-PHASE IVB 
The design a c t i v i t y  of t he  Phase IVB program was centered  about designing a set 
of high p rec i s ion  hype rbo l i ca l ly  contoured quadrupole rods  which would be 
t e s t e d  i n  a new instrument  equipped wi th  a high p res su re  i o n  source and an 
e l e c t r o n  m u l t i p l i e r .  
assembled such t h a t  very  p r e c i s e  alignment of t h e  rods would be guaranteed. 
These quadrupole rods would a l s o  be  f a b r i c a t e d  and 
The design of t he  hyperbol ic  rods and assoc ia ted  mounting w a s  performed on the  
b a s i s  of i n t e rchangeab i l i t y  wi th  t h e  e x i s t i n g  c y l i n d r i c a l  rod design without 
modif icat ion of t he  quadrupole housing. 
ob ta in  minimum weight.  
No p a r t i c u l a r  e f f o r t  w a s  made t o  
The design requirements presented four  major problem areas: 
a. Inves t iga t ion  of materials t h a t  had t h e  requi red  phys ica l  and s t ruc -  
t u r a l  p r o p e r t i e s ,  long-term s t a b i l i t y ,  and would be  s t a b l e  a t  
elevated temperatures.  
b. Design and mounting of t h e  rods t h a t  assured achievement of the  
f i n a l  alignment and manufac turabi l i ty  of t h e  rods t o  the  spec i f i ed  
to le rances .  
c. Locating a vendor who would be a b l e  t o  manufacture t h e  rods.  
d. Assembly and alignment of the  rods. 
5.1 MATERIAL INVESTIGATION 
A m e t a l l u r g i s t  w a s  consul ted t o  a i d  i n  the  s e l e c t i o n  of a s u i t a b l e  material. 
The var ious  p rope r t i e s  requi red  of t h e  material are l i s t e d  i n  Figure 5-1 which 
was used f o r  eva lua t ing  t y p i c a l  a l l o y s  i n  several b a s i c  compositions of corro- 
s i o n  r e s i s t i n g  a l l o y s ,  s t a i n l e s s  steels, binary a l l o y s ,  and a l i s t  of elements 
which have low vapor pressures .  Nonmetallic materials, p l a t ed  wi th  a conduc- 
tive coat ing,  were not  considered because t h i s  approach could r e s u l t  i n  devel- 
opmental problems n o t  compatible wi th  the  urgency of t h e  schedule commitment. 
A metallic material of proven performance, amenable t o  p l a t i n g ,  i f  necessary,  
was, considered the  search  ob jec t ive .  
It w a s  e s t ab l i shed  t h a t  t h e  rods would not  be a s t r u c t u r a l  h ighly  s t r e s s e d  
member; t he  only stresses would r e s u l t  from attachments and the weight of t he  
rods under g r a v i t a t i o n a l  and a c c e l e r a t i o n  loading. I n  add i t ion ,  the  maximum 
thermal environment would be  a 24 t o  72 hour bakeout a t  750'F i n  a vacuum f o r  
a maximum t o t a l  of approximately 100 cycles .  
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MATER I A L  
INCONEL X-750 
HAY NES 25 
3 1 6 L  CRES 
MONEL 404 
S I  LVER 
ALUM I NUM 
COPPER-OFHC 
GOLD 
GERMAN I UM 
COBALT 
PALLAD I UM 
URAN I UM 
RHO D I UM 
MOLYBDENUM 
RHENIUM 
N I CKEL 
BERY LL I UM 
T I  TAN I UM 
VANAD I UM 
P L A T  I NUM 
CHROM I UM 
TANTALUM 
TUNGSTEN 
FIGURE 5-1. Materials Evaluation. 
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I n  assess ing  t h e  time-temperature-stress condi t ions p reva i l i ng ,  i t  w a s  es tab-  
l i s h e d  t h a t  r e l axa t ion  by creep would n o t  take p l ace  because the  temperature 
was too low when considered i n  r e l a t i o n  t o  the  comparatively uns t ressed  condi- 
t i o n  of the p a r t .  For example, t o  produce a 0.1 percent  creep a t  800OF i n  316 
s t a i n l e s s  steel, a sus t a ined  stress of 40,000 pounds pe r  square inch  would have 
t o  be appl ied  f o r  1,000 hours a t  800'C. 
It w a s  found t h a t  Monel Alloy 404 ( I n t e r n a t i o n a l  Nickel  Co.) w i l l  provide 
s a t i s f a c t o r y  s e r v i c e  f o r  t h e  intended app l i ca t ion  i n  t h e  s u b j e c t  p a r t .  Type 
316L s t a i n l e s s  steel i s  a l s o  s a t i s f a c t o r y  f o r  the  app l i ca t ion ;  however, t h i s  
low carbon va r i e ty  w a s  a v a i l a b l e  only i n  the  a i r  melted s tock.  
t h e  hyperbol ic  rods were f a b r i c a t e d  from vacuum m e l t  Monel 404. 
Therefore,  
Many more binary and t e rna ry  a l l o y s  could be reviewed; however, t he  two 
s e l e c t e d  have a h i s t o r y  of r e l i a b l e  service under condi t ions  somewhat similar 
t o  t h e  requirements, and t h e  materials are r e a d i l y  ava i l ab le .  
In consider ing the  property requirements l i s t e d  i n  F igure  5-1, t h e  s t a b i l i t y  
of t he  material a f t e r  t he  30 t o  7,000 hours a t  750'F w a s  a primary considera- 
t ion .  P r e c i p i t a t i o n  r eac t ions ,  even a t  750'F i n  a l l o y s  of complex chemistry,  
such as the  hea t  r e s i s t i n g  s t a i n l e s s  var ie t ies ,  could r e s u l t  i n  minor dimen- 
s i o n a l  change. 
The recommended a l l o y ,  Monel 404 ,  is melted wi th  pure metal add i t ions ,  i n s t ead  
of t he  inc lus ion  of sc rap  i n  the  charge. Consequently, t he  trace elements,  i n  
a d d i t i o n  t o  the  b a s i c  chemistry l i s t e d ,  would be gold o r  platinum which are not  
reactive , 
Considerable service d a t a  is  a v a i l a b l e  f o r  316 s t a i n l e s s  steel  a t  e leva ted  
temperatures,  which reveals i t s  long-term s t a b i l i t y .  The low carbon v a r i e t y  
316L w a s  recommended t o  preclude p r e c i p i t a t i o n  of carb ides  a t  t h e  g r a i n  boun- 
d a r i e s  during slow furnace cool  fol lowing the 1650'F vacuum anneal  requi red  t o  
remove 100 percent  of t he  f a b r i c a t i o n  stresses. 
The following processing procedures f o r  the rods was es t ab l i shed .  
a. Technical B u l l e t i n  T-12 from t h e  I n t e r n a t i o n a l  Nickel  Company 
provides s p e c i f i c  machining data .  
b. The p a r t  would be  machined t o  wi th in  4-0.005 inch and then completely 
s t r e s s - r e l i eved  by thermal means, t h a t  is ,  suspending v e r t i c a l l y  i n  
a vacuum furnace cooled slowly i n  the  furnace wi th  power-off bu t  
vacuum-maintained. 
(1) Monel Alloy 404,  102S'F - 4-25 - 2 hours 
( 2 )  Type 316L S t a i n l e s s  S t e e l ,  1650°F 215' - 2 hours 
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5.2 DESIGN AND MOUNTING 
The design u t i l i z e s  t h e  same ro = 0.200 inch  of t h e  hyperbol ic  contour as used 
i n  the  design under Contract  NAS5-34533. 
rod assembly wi th  a minimum to l e rance  bui ldup i n  t h e  rod assembly. 
achieved by the  fol lowing method. 
The b a s i c  cr i ter ia  w a s  t o  design a 
This  was 
The rods were designed as shown i n  Figure 5-2, 
The idea  was t o  start  out  wi th  precision-ground square  rods t o  e s t a b l i s h  t h e  
mounting su r faces .  The hyperbol ic  contour  could then be  generated a t  one of 
t h e  corners .  
unnecessary material. 
The corner  oppos i te  t h e  hyperbola w a s  machined o f f  t o  remove 
P r e c i s i o n  Ruby washers w e r e  placed between t h e  rods which allowed t h e  hyperbol ic  
contour of the  rods t o  be spaced p r e c i s e l y  as shown i n  Figure 5-3. A t o l e rance  
ana lys i s  revealed t h a t  a rod spacing w i t h i n  +0.00025 inch  w i l l  be  achieved a f t e r  
alignment,  which w i l l  be  discussed i n  a later paragraph. The four  rods were 
mounted t o  each o the r  with No. 3-48 NC screws. 
This  rod assembly w a s  mounted between two mounting r i n g s  and i s o l a t e d  by ruby 
washers. One r i n g  was hard-mounted t o  the  mounting t abs  of t he  e x i s t i n g  quad- 
rupole  housing. 
good s l i p f i t .  
t o  t he  d i f f e r e n t  c o e f f i c i e n t  of expansion of t h e  rod and housing materials 
wi thout  in t roducing  bending stresses t o  t h e  rods.  The ion  source  w a s  a t tached  
t o  the  f r e e  r i n g  and t h e  nozzle  ad jus ted  t o  t h e  c e n t e r  of t h e  rod assembly 
w i t h i n  0.0002 inch as i n  t h e  previous round rod design.  
The o t h e r  r i n g  w a s  machined t o  match t h e  housing bore  f o r  a 
This  allowed the  rod assembly t o  expand which is  necessary due 
5.3 VENDOR SEARCH 
A nationwide search  w a s  conducted t o  f i n d  a vendor who could machine t h e  rods t o  
the  s p e c i f i e d  to l e rances ,  which border  on t h e  s ta te-of- the-ar t  i n  machining. 
Out of 16 companies contacted,  1 4  no-bids were received.  Two companies b id  and 
each took except ions t o  the  f l a t n e s s  c a l l o u t  of 0.0001 inch  over  t h e  f u l l  
l eng th  of t he  rods.  One vendor guaranteed a f l a t n e s s  of 0.0005 inch  wi th  b e s t  
e f f o r t  t o  achieve 0.0001 inch,  and t h e  o t h e r  quoted f l a t n e s s  w i t h i n  0.001 inch. 
It w a s  decided t o  award each vendor a c o n t r a c t  t o  b u i l d  a set of s i x  rods sine 
the  manufacturing approaches d i f f e r e d  s u b s t a n t i a l l y ,  
The f i r s t  vendor took the  fol lowing approach: 
w a s  drawn wi th  a very hard and sharp  p e n c i l  onto a g l a s s  p l a t e  by u s i n  
X-Y coord ina te  po in t s .  This  g l a s s  p l a t e  was mounted t o  t h e  o p t i c a l  a t  
of a visa-gr inder .  The premachined rod w a s  a t tached  on the  back s i d e  t o  a 
p r e c i s i o n  gauge block t o  a s su re  f l a t n e s s .  
t o  the  t a b l e  of t he  gr inding  machine, 
image o p t i c a l l y  on t h e  g l a s s  p l a t e .  
t o  t he  50:l  layout  a f t e r  each length  c u t  u n t i l  t he  hyperbol ic  contour w a s  
completed. P r i o r  t o  removal of t h e  l as t  0,010 inch  material, a stress relief 
as descr ibed i n  the  material i n v e s t i g a t i o n  pa ra  raph was performed. 
p red ic t ed  t h a t  by removing the  machining stresses a d i s t o r t i o n  of about 0.005 
might occur.  
A 50:l  l ayou t  of t he  hyperbola 
The gauge block 
The rod and g r ind in  
The gr inding  wheel wa 
It  w a s  
The a c t u a l  deformation turned ou t  t o  be 0.003 inch  which was 
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e a s i l y  cor rec ted  by the  f i n a l  gr inding.  
template which was used t o  handlap the  hyperbol ic  su r face  t o  i t s  f i n a l  dimen- 
s ion .  
t o  be b e t t e r  than 0.00015 inch.  
A lapping block was made from the  50:l 
The f l a t n e s s  of t h e  f in i shed  rods over i t s  e n t i r e  length  was measured 
The second vendor manufactured the  rods as fol lows:  A crush r o l l  o r  d re s s ing  
t o o l  was manufactured by us ing  a 50:l template of t he  hyperbol ic  contour.  
crush r o l l  w a s  used t o  form a 24 inch  diameter gr inding  wheel. With t h i s  
gr inding wheel t he  rods were ground on a temperature con t ro l l ed  crush gr inding  
machine. 
e l imina te  e r r o r s  due t o  wheel wear, The same stress r e l i e f  schedule  w a s  used 
as descr ibed before .  
w a s  determined t o  be  b e t t e r  than 0.0008 inch  which is  f i v e  t i m e s  worse than the  
to le rance  achieved by the  method used by t h e  o t h e r  vendor. Consequently, t h e  
b e s t  four  rods from t h e  f i r s t  vendor were s e l e c t e d  and used f o r  t h e  quadrupole 
as s emb 1 y . 
This  
The gr inding  wheel w a s  p e r i o d i c a l l y  redressed  by the  crush r o l l  t o  
The f l a t n e s s  of t h e  f i n i s h e d  rods by us ing  t h i s  method 
5 . 4  ASSEMBLY AND ALIGNMENT 
The first approach f o r  a l ign ing  the  rods r e l i e d  upon using p r e c i s i o n  gauge 
blocks at  each end of t h e  rod assembly wi th  a width and he igh t  of 2 ro = 0.4000 
inch. The rod mounting screws were t igh tened  u n t i l  the  c o r r e c t  spac ing  of t h e  
rods determined by the  gauge blocks were achieved. During t h e  alignment check, 
an alignment of only 0.001 w a s  achieved, i n d i c a t i n g  t h a t  t he  poor alignment 
was probably due t o  the  f a c t  t h a t  two rods can s l i d e  i n  p a r a l l e l  t o  t h e  o t h e r  
set of rods and s t i l l  maintain t h e  des i r ed  ro e s t a b l i s h e d  by the  square  gauge 
blocks.  A second at tempt  w a s  made t o  improve t h e  alignment as fol lows.  
An alignment f i x t u r e  i n  t h e  form of a p r e c i s i o n  L-bracket w a s  made. The four  
rods were assembled wi th  Ruby washers and screws hand t i g h t  so  t h a t  t he  ind iv i -  
dua l  rod could e a s i l y  be moved. 
up. The high po in t  of t he  hyperbola was  determined under a high-powered micro- 
scope. Then the  c e n t e r  l i n e  w a s  e s t ab l i shed  and t h e  cen te r  of t he  rod assembly 
d i a l e d  on the  t r a v e l i n g  microscope by using t h e  c o r r e c t  r dimension. The h i  
p o i n t  of t he  hyperbola on t h e  ad jacen t  rod w a s  a l igned  pe?pendicular t o  the  
f i r s t  c e n t e r l i n e  beginning a t  the  rod assembly cen te r  by a d j u s t i n g  t h e  t a b l e  
of t he  t r a v e l i n g  microscope by the  ro dimension. 
secured t o  the  f i r s t  rod. The s a m e  method was repeated t o  a l i g n  the  t h i r d  and 
fou r th  rod. 
One rod w a s  mounted t o  the  L-bracket s tanding  
The second rod w a s  then 
The rod assembly was then turned around and the  alignment procedure pefformed 
on the  o t h e r  end. 
A check of t he  d i s t a n c e  between one set of two opposing rods was found t o  be  
0.4000 inch  and the  d i s t a n c e  between t h e  o t h e r  two rods t o  be 0.4002 inch.  
This  was t r u e  f o r  both ends of t he  rod assembly. Since checking t h e  rod 
d i s t ances  over  t h e  f u l l  l ength  of t he  rods was impossible wi th  t h e  a v a i l a b l e  
too l ing ,  i t  was assumed t h a t  t he  s p e c i f i e d  spacing was achieved over the? 
e n t i r e  length  because the  f l a t n e s s  of t he  s i n g l e  rods was measured t o  be  
b e t t e r  than 0.00015 inch.  
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This rod assembly was a t tached  t o  t h e  two mounting r i n g s ,  a s  shown i n  Figure 5-4. 
The ion  source i n s t a l l e d  t o  t h e  f r e e  mounting r i n g  and the  source nozzle  
a l igned t o  t h e  c e n t e r  of t h e  rods.  The combined rod and source assembly w a s  
i n s t a l l e d  i n  t h e  quadrupole housing. 
The system components as designed are shown i n  Figures  5-5, 5-6, 5-7 ,  and 5-8. 
Figure 5-5 shows a photograph of two of t h e  hyperbol ic  rods.  Figure 5-6 shows 
a photograph of t h e  rods as assembled p r i o r  t o  i n s t a l l a t i o n  i n t o  t h e  quadrupole 
housing. Figure 5-7 i s  a photograph of t h e  h igh  pressure  i o n  source as u t i l i z e d  
i n  t h i s  analyzer ,  and Figure 5-8 shows a photograph of t h e  analyzer  and e l e c t r o n  
m u l t i p l i e r  housings,  and i n t e r n a l  components. 
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FIGURE 5-5. Hyperbolic Rods 
5-10 
5-11 
FIGURE 5-7. High Pressure Ion Source 
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FIGURE 5-8. Quadrupole Analyzer Components 
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6. TEST RESULTS-PHASE IVB 
The test  program c a r r i e d  ou t  on t h e  Phase I V B  analyzer  ( h e r e a f t e r  r e f e r r e d  to 
as the  ser ia l  number 4 B  inst rument)  w a s  a minimal checkout t o  e s t a b l i s h  oper- 
a t i n g  condi t ions  f o r  the instrument .  Following t h i s  checkout, some inves t i -  
ga t ions  were c a r r i e d  oyt  t o  analyze the  performance c a p a b i l i t y  of the  hyperbol ic  
quadrupole rods.  
The i n i t i a l  tuneup of fhe  h igh  pressure  ion  source w a s  c a r r i e d  ou t  us ing  a new 
sample i n l e t  system t o  avoid the  contamination problems which occurred during 
the  Phase I V A  t e s t i n g .  This i n l e t  system w a s  composed of a s o r p t i o n  pumping 
system t o  which a d i r e c t  sample w a s  introduced.  
tored using a Varian M i l l i t o r r  i o n i z a t i o n  gauge, which opera tes  between 1 x 10- 
and 1 t o r r .  The ion  source w a s  then connected d i r e c t l y  t o  t h i s  h igh  pressure  
i n l e t  system. A schematic of t h i s  i n l e t  system is  shown i n  Figure 6-1. 
6 
The sample p re s su re  w a s  moni- 
Tuneup d a t a  of the  high pressure  ion  source proved t o  be much s impler  and easier 
using t h i s  new i n l e t  system. The con t ro l  of the  sample p re s su re  w a s  d e f i n i t e ,  
and t h e  pressure  could read ins tan taneous ly  o f f  of a d i r e c t  metered output .  
Following i n i t i a l  f i l ament  burn-in and placement of nominal p o t e n t i a l s  on the  
l e n s e s ,  ion  focusing d a t a  was taken as a func t ion  of t h e  ion  e x t r a c t i o n  po- 
t e n t i a l ,  AVR-A. These da t a  were taken using an N2 sample wi th  the  quadrupole 
tuned t o  t h e  m / e  28 peak. 
a t  the  inpu t  t o  the  e l e c t r o n  m u l t i p l i e r ,  A t y p i c a l  scan of t he  i o n  focusing 
r e s u l t s  is  shown i n  Figure 6-2. 
as a func t ion  of scanning the  p o t e n t i a l  of one h a l f  of t he  ion  focus s p l i t  l e n s  
f o r  va r ious  values  of the  p o t e n t i a l  on the  o t h e r  ha l f  of the  l e n s .  A t  t he  
po in t  of maximum s e n s i t i v i t y ,  where the  output  remains f a i r l y  f l a t ,  l i n e a r i t y  
p l o t s  of the  138 cu r ren t  versus  pressure  were then taken as a func t ion  of the  
ion iz ing  e l e c t r o n  energy. This w a s  done t o  observe t h e  l i n e a r i t y  of t he  i o n  
source wi th  pressure  f o r  var ious  e l e c t r o n  energ ies .  It  w a s  found t h a t  t h e  
l i n e a r i t y  w a s  nominally independent of e l e c t r o n  energy, allowing a r e l a t i v e l y  
high va lue  i n  order  t o  maximize the  i o n i z a t i o n  p r o b a b i l i t y  and thereby the  ion  
source  s e n s i t i v i t y .  
i n  Figure 6-3. 
t o  a l i n e a r  change of output  cu r ren t  versus  sample pressure .  A s  seen,  t he  i o n  
source  l i n e a r i t y  on t h i s  model extends t o  over 3 x 10-2 t o r r ,  and the  ion  source 
s e n s i t i v i t y  is  about 6 x 10-9 amperes j tor r  f o r  N2, using an i o n i z i n g  e l e c t r o n  
cu r ren t  of 5 microamperes. 
Col lec t ion  of t h e  m / e  28 c u r r e n t  w a s  then monitored 
This scan  is  a p l o t  of t he  m / e  28 i o n  cu r ren t  
A t y p i c a l  p l o t  of t he  ion  source l i n e a r i t y  f o r  N2 i s  shown 
The s t r a i g h t  l i n e  a t  45 degrees on the  log-log p l o t  corresponds 
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FIGURE 6-1. Sample In le t  System 
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FIGURE 6-3 .  Ion Source Linearity 
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The ion  source f o c a l  p r o p e r t i e s  of t he  ion  focusing system w e r e  a l s o  measured 
by computing t h e  t ransmission e f f i c i e n c y  of t he  ion  cu r ren t  being focused 
through the  nozzle.  This t ransmission e f f i c i e n c y ,  0 ,  is  computed from 
Where ST = i o n  source  s e n s i t i v i t y  of i ons  t r ansmi t t ed  
through the  quadrupole 
= i o n  source  s e n s i t i v i t y  of i ons  s t r i k i n g  
t h e  nozzle  'Noz 
For t h i s  i on  source,  t he  maximum transmission e f f i c i e n c y  w a s  found t o  be about 
91.5 percent ,  i n d i c a t i n g  t h a t  almost a l l  t h e  ions  e x i t i n g  the  ion  exi t  ape r tu re  
of t he  ion iz ing  region were being t ransmi t ted .  
The test program t o  eva lua te  the  performance of t h e  hyperbol ic  rods w a s  then 
undertaken t o , e s t a b l i s h  the  peak shape and reso lv ing  power. I n i t i a l  tuning 
showed 
showed 
h ighe r  
reduce 
rupole  
t h a t  poor peak shapes r e s u l t e d ,  due t o  the  ion  source  tuning.  This 
t h a t  the  angular  ou tput  of t h e  high p res su re  source i s  s i g n i f i c a n t l y  
than the  dua l  f i l ament  i on  source,  so  i t  was detuned i n  s e n s i t i v i t y  t o  
i t s  e x i t  angles .  Following t h i s  change, ex tens ive  tuning of t he  quad- 
w a s  undertaken. These d a t a  have been submitted i n  the  t es t  d a t a  book 
accompanying the  analyzer .  Note, however, t h a t  a cons iderable  improvement i n  
ana lyzer  performance r e s u l t e d .  
F igure  6-4 shows a p l o t  of a mass spectrum taken on an a i r  sample us ing  a 
logar i thmic  e lec t rometer  ampl i f i e r  t o  o b t a i n  a high output  dynamic range. 
F igure  6-5 shows a similar p l o t  us ing  a krypton sample, Here i t  is  seen t h a t  
s e p a r a t i o n  is  occurr ing between the  m / e  41, 41.5, and 42 peaks c rea t ed  by the  
doubly charge spec ie s  of m / e  82 ,  83, and 84 of t he  krypton s p e c t r a .  The mass 
s p e c t r a  of krypton i n  the  m / e  80 ' s  i s  shown i n  Figure 6-6. 
admit ted t o  the  ion  source ,  the  r e s u l t a n t  mass s p e c t r a  i s  shown i n  Figure 6-7. 
The increased  r e s o l u t i o n  gained by the  use  of hyperbol ic  rods is  apparent &t 
shown i n  Figure 6-8, where Am/m = 1/90 w a s  obtained.  
previous va lues  of Am/m = 1/33 as shown i n  Figure 4-1 earlier. The improved 
rod alignment p lus  the  u t i l i z a t i o n  of hyperbol ica l ly  contoured rods has  thus  
shown a d i r e c t  in f luence  on t h e  obta inable  performance of a small f l y a b l e  
mass spectrometer .  
With a xenon sample 
This  c o n t r a s t s  wi th  t h e  
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7. CONCLUSION 
The development program descr ibed i n  t h i s  f i n a l  r e p o r t  has  r e s u l t e d  i n  ex tens ive  
improvements i n  t h e  performance which can be r e a l i z e d  from a minia tur ized  quad- 
rupole  mass spectrometer  system. 
which can be gained wi th  p rec i s ion  alignment of quadrupole rods ,  and t h e  use of 
hyperbol ic  su r faces  on the  field-forming quadrupole e l ec t rodes .  The r e s u l t i n g  
performance has been v e r i f i e d  by test analyses .  
This  Phase IV program has shown the  r e s u l t s  
The hardware which has  been developed has demonstrated the  necessary performance 
t o  be  employed f o r  t h e  ana lys i s  of p lane tary  atmospheres on e n t r y  veh ic l e s  and 
i n  p a r t i c u l a r  f o r  t h e  a n a l y s i s  of t he  Martian atmosphere on board the  Viking 
en t ry  capsule.  
optimum mechanical conf igura t ion  f o r  t h i s  mission has  been undertaken on 
c o n t r a c t  NAS5-11185 and the  r e s u l t s  w i l l  be  repor ted  a t  the  conclusion of 
t h a t  e f f o r t .  
The remaining t a sk  of designing t h i s  instrument  i n t o  a more 
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